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Abstract. - We propose a mechanism to give mass to tensor matter field which preserve 
the U(l) symmetry. We introduce a complex vector field that couples with the tensor in a 
topological term. We also analyze the influence of the kinetic terms of the complex vector in 
our mechanism. 
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Antisymmetric tensor fields have been object of study since a long time ago [1]. Primarily 
they appear as a generalization of the vector gauge fields, i.e, have a gauge symmetry and 
their propagators possess zero modes. This type of tensor fields, commonly called tensor gauge 
fields, permit us to construct topological invariants in D-dimensional manifolds [2,3] and have 
an important role in dualization [4-7] . Let us remark that such fields are the key to generate 
mass for the vector gauge fields through the topological mass mechanism [8-10]. 

A few years ago a new type of second rank antisymmetric tensor was introduced by Avdeev 
and Chizhov [11] . They constructed an action with spinors and vector gauge fields in which the 
tensor is a matter field rather than a gauge field and permit a quartic self-interacting invariant 
term. It exhibits several interesting features among which we underline the asymptotically 
free ultraviolet behavior of the abelian gauge interaction. Later Lemes et al [12] showed 
through BRST framework that this model is renormalizable into all perturbative orders. In a 
subsequent paper they realized that the tensor matter field is a real component of a complex 
tensor field that satisfies a complex self-dual condition [13]. As shown by the authors this 
condition makes the tensor matter field massless. Recently, Geyer and Miilsch [14] constructed 
a supersymmetric topological Nj- > 1 model with the antisymmetric tensor matter fields. In 
that work they make an extension of the Donaldson- Witten Nj- — 1 theory where the gauge 
field is now coupled to the anti-selfdual component of the tensor matter. They also 
obtained the super-BF Nt = 1 model and the Nt = 2 topological B-model. 

The purpose of this paper is to study the possibility of giving mass to antisymmetric tensor 
matter field through a topological mechanism. This mechanism is similar to that one proposed 
by Allen, Bowick and Lahiri [8] making use of the topological BF term. The main difference 
is that in our mechanism we use a topological and a non-topological term with no gauge fields. 
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Let us begin introducing notations and conventions that will be used through this paper. 
We use the metric g^ v = diag(+, — , — , — ), and the completely antisymmetric tensor £^ vpa is 
defined using £0123 = 1. In Minkowski space-time, the antisymmetric tensor matter field X^„ 
is a real component of a complex second rank tensor ip^t, which obeys the complex self-dual 
condition [13] namely, 

Wiiv = ¥>nv, ffiu = Tfj, u + iT^u, (1) 

where 

fin" = if^pa^'" 7 - (2) 

Let us emphasize here that a massive term with U{1) symmetry for (p^ is forbidden due to 
the complex self-dual condition, 

ip*^ = T^T^ + f^f^ = T^T^ - T pa TP° = 0, (3) 
where we used the fact that in the Minkowski space-time e iilVpa e iiVCt ^ = —Sp*P, with — 

Since the complex self-dual condition makes the tensor ip^ massless, our aim is to construct 
a generating mass mechanism to the tensor matter field that preserves the U(l) symmetry of 
the model. 

We start with the following action 

s = Jd 4 x [- (dm* [d»b°) - (D^y (rrtpn,)] 

+m J d 4 x [B^D^ + B° (D^^)*] , (4) 

where m is a mass parameter, D p represents the usual minimal covariant derivative, = 
— iA^, and B M is a complex vector field 

B^BW+iBW. (5) 

Clearly this action has an U(l) local symmetry 

5B^ = iaB^, (6) 
Scp^ = iacp^, (7) 
6A„ = d„a. (8) 

Writing the action (@J in terms of component fields, we have 

S « J d A x (-d^d^B^ - d^d^B^ + jMbW" + J^W* 
+ j d 4 x (bs a T vat ff , T^ - WT^T ■ 
+2m J d 4 x (B^d^T^ + BW ff d%„) , (9) 
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where we are considering only the bi- linear terms and terms involving external sources. It 
is worth to mention that the last term is topological and it is linked to the mass parameter. 
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The equations of motion for the fields T^ v and B p can be easily calculated by minimal action 
principle, producing the equations below 

d 2 B^ a + md ll T' MT + \j {1),T = 

d 2 B^ a +mdjr> ia + ij (2)CT = (10) 

d 2 T pa {x) - 25PZd»d x T Xv {x) + mS^B^ix) + me^^d^B^ (x) - i J pa {x) = 0. 

In Feynman propagators calculation, we will use the generating functional of the connected 
Green's functions W, with the following Legendre transformation 

W[T^,B®] = T[J, V , jf ] -\J dx'tj^x'^ix') - J dx'*jV(x')B^(x'). (11) 

where the vacuum-to- vacuum transition amplitudes are defined by 

S 2 T 



(T pv {x)T pa (y)) = -i- i 

oJ pv {x)bJ prT {y) 



(B^(x)T pa (y)) = -i 



5 2 r 



5J p (x)5J pcr (y) 



,7=0 



So, back to equations of motion (|1(J[I . we obtain three expressions to vacuum-to- vacuum tran- 
sition amplitude for B p and T pv tensor matter fields, that represents the causal propagator 
in two distinct point in space-time, viz, the two-point Green's function 

(d 2 B^° (x) T a p (y)) + m (8 p T^ (x) T af} („)) = 0, (12) 

(d 2 B^° (x) T a0 (y)) + m (d p T^ (x) T a p (y)) = (13) 
2 {d 2 T<>° (x) T a p (»)) - (d»d x T Xv {x)T a(j (y)) + 2m8%, (d"B^ v (x) T aP (y)) 

+ 2me p ^ x (d^Bf (x) T a0 (y)) + 1 6^6* (x - y) = 0. (14) 

We must remember that our aim consists in determining the propagator for the matter 
field T^u. To do this we can work with the above expressions eliminating the fields B^ and 

(2) 

Bl '. Doing so, we have 



d 2 (d 2 + m 2 ) (TP* (x) T a p (y)) = i 5%,5%d»d x S i (x-y)- \dH^ (x-y). (15) 
Using the Fourier representation for the Dirac delta function and Feynman propagator's, 

S 4 (x-y) = -J-j / d^ke^-y\ 

(T»°(x)T a0 (y)) = -Lj J d^kG P : p (k)e^-y\ 
we obtain the following expression for Green's function 

G Z ( fc ) = Jk^^fZ (*) . ( 16 ) 
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with 

It is worth to observe that the causal propagator for the antisymmetric tensor matter field 
has a massive pole due to the topological mass, which comes from the coupling between T^ v 
and the vector field B^. We can compare this result with the one obtained in Avdeev and 
Chizhov work. There, we can see only one massless pole propagator for the field T Mt/ [11]. 

Now let us construct a more general bilinear action in the fields B^ and T^ u . To do this, 
let us introduce a new kinetic term, namely, a (D^B^)* (D a B a ), with a representing a real 
constant to be determined, and a mass term for B^ fields. Wc will sec how these additional 
terms can affect causal propagator for the matter field T^ u . Thus, we have a new action 5", 

S = j d^x [- (D^B a )* (D P B°) + a {D^Y (D a B°) - {D^f (P°<P<n,)] 

+ j d 4 x [m {B»*D^^ + B" (D^ v )*) + n*B*B°] . (17) 

Writing it in components again and considering only the bi-linear and source terms, we obtain 
the following equations of motion 

d 2 B^ a - ad^B^P + n 2 B (1 *> a + md^T pa + = 0, 

d 2 B^ - ad^B^P + h 2 B^p + mdjr^ + ^J^ a = 0, (18) 

d 2 T pa {x) - 25 P Zd p d x T Xl, (x) + B v ^\x) + me papx d^B {2 ] (x) - 1 J pa (x) = 0. 

Let us observe that the first and second equations above have acquired two new terms com- 
pared with equations l|lUfl . However, the last equation remains the same. From the equations 
above we obtain the following expressions for the vacuum-to-vacuum transition amplitudes: 

(T^(x)T^(y)) = JL_ J G p ; u (ky k{x - y) d% 

B^[x)B^u{y)) = (BW{x)BV>{y)) = JL J ^e^^k, 
BV>(x)B<n V {v)) = (2^)1 / G$ 2 >{ky k ^d% (19) 
B^(x)T p -(y)) = 7A4 / r^(k)e ik ^d% 
B^{x)T p °(y)) =-^Tij T^(k)e ik ^d% 



with 



nv( ,s_ im 2 k a k p b™ iak^ % 

^uW — 



2k 2 (k 2 — fi 2 — m 2 )(k 2 — /i 2 ) 2((1 — a)k 2 — n 2 ) 2{k 2 - /1 2 ) 
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" 2fc 2 (fc 2 - M 2 -m 2 )(fc 2 - M 2 ) [ ) 

m -mk v 5P,Z 



2k 2 {k 2 -m 2 - /i 2 ) : 
r (2)p. (fc) _ mk ^ 



w 2k 2 (k 2 — m 2 — /j, 2 ) ' 

We obtain an interesting result: the presence of the term a (D^B^)* (D a B a ), affects only 
the amplitude G v (k). The tensor matter field propagator's has a massive pole which does not 
depend on the parameter a. 

In conclusion, we propose a mechanism to generate mass to antisymmetric tensor matter 
field which preserves U(l) symmetry. In this mechanism a topological term is introduced via 
a complex vector field and the complex self-dual condition. Whereas this condition makes 
the tensor massless, the coupling with the vector field gives a massive pole to the tensor 
propagator. 
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